The intraocular pressure (lOP) responses to two standard tests of autonomic nerve function were studied in 15 healthy subjects, mean age 33 years (range: 20-64). Both tests are based on cardiovascular reflexes: (1) The rise in diastolic blood pressure provoked by sustained isometric muscle contraction, a response mediated by the sympathetic nervous system and (2) The. heart-rate responses to the Valsalva man oeuvre, a response mediated by the parasympathetic nervous system. During sus tained isometric exercise, the mean lOP decreased significantly from baseline values of 12.60 mmHg (SEM 0.55) to 11.26 mmHg (SEM 0.32, p<0.05) while mean diastolic blood pressure increased by 20.80 mmHg (range: + 12 to +53 mmHg). However there was no direct correlation between them (r = -0.05). Post exercise the mean lOP remained significantly lower than baseline values for five minutes (p<O.OI). During the Valsalva manoeuvre, there was a significant increase in lOP of 7.20 mmHg from a baseline of 12.80 mmHg (SEM 0.45) to 20.00 mmHg (SEM 0.78, p<O.OOI); during the recovery period, mean lOP was significantly lower than baseline values at 12.13 mmHg (SEM 0.39, p<0.05). The mean Valsalva ratio was normal at 1.68 (range: 1.2-2.6). The possible mechanisms involved in these responses are discussed.
The role of the autonomic nervous system in the regulation of intraocular pressure is well recognised. I "Current medications prescribed in the treatment of glaucoma-guttae adrena line, guanethedine, timolol and pilocarpine act primarily via autonomic effects in the anterior segment of the eye. More recently, raised intraocular pressure has been associ ated with autonomic dysfunction.) A number of simple well established tests of autonomic nerve function based on cardiovascular reflexes allow accurate assessment of the autonomic nervous system.x-J3 The aim of this study was to assess the intraocular pressure responses in normal subjects to systemic autonomic stimulation.
The integrity of the sympathetic nervous system may be assessed by diastolic blood pressure responses to sustained isometric muscle contraction. The forearm muscles are utilised for this purpose and the experimental model is sustained handgrip.12 The cardio vascular response to the sustained handgrip is reflex in naturel4 and is thought to be initiated by stimuli from the exercising muscle. I) The rise in blood pressure is mediated partly by an increase in cardiac output which is heart-rate dependentl6 and partly by peripheral vaso constriction mediated through alpha-adre nergic receptors of the peripheral autonomic nervous system.17 A rise of �1O mmHg diastolic blood pressure is an abnormal response, �16 mmHg normal and borderline if <16 mmHg and >10 mmHg.13
The Valsalva manoeuvre stimulates a generalised autonomic response, involving both parasympathetic and sympathetic ner vous systems, producing specific, well-defined effects on heart-rate and blood pressure. Parasympathetic nerve function may be assessed by heart-rate responses to the Val salva manoeuvreY There are four phases in the haemodynamic responses to the Valsalva manoeuvre. Phase 1 is the onset of expiratory straining when the heart rate slows; it speeds up in response to the decreased venous return and falling blood pressure (Phase 2). Acute release of intrathoracic pressure (Phase 3) causes an increasing tachycardia due to a further drop in cardiac output secondary to increased pulmonary venous capacitance. Phase 4 (period of recovery) follows with a reflex bradycardia as blood pressure increases secondary to increasing cardiac output into a peripheral vasoconstricted vasculature. The change in heart rate during the Valsalva man oeuvre was used as an index of response and expressed as the Valsalva ratio. This is the ratio of the longest R-R interval after the Val salva to the shortest R-R interval during the Valsalva. A ratio of �1.1O is defined as abnor mal; �1.20 as normal and borderline if between l.20 and 1.1OY
Patients and Methods
Fifteen healthy untrained volunteers were studied following informed consent. The mean age of the group was 33 years (range: 20-64 years) and five were male. The subject sat at the slit-lamp throughout the study.
1. Diastolic blood pressure response to sustained isometric muscle contraction Each subject performed three sustained iso metric muscle contractions using the dominant arm to establish their maximum voluntary contraction (MVC). Each maxi mum grip was sustained for less than two seconds. The handgrip dynamometer was devised by one of us (D.W.H.) and built in this Department. An inbuilt electronic aud ible alarm representing 33 per cent MVC was used for test contractions to alert the subject to weakening grip. Three baseline intraocular pressures (lOP) were recorded from one eye (whichever was preferred by the SUbject) using slit-lamp applanation tonometry after topical corneal anaesthesia with Benoxinate (0.4 per cent) and sodium fluorescein (0.25 per cent). Three baseline blood pressures were recorded from the non-exercising arm using an automatic sphygmomanometer (CO PAL-model UA-231). For the study 33 per cent MVC was held for 2-2.5 minutes, during which time three measurements of lOP and blood pressure were made at defined intervals as shown in Figure 1 . On recovery five measurements of lOP and blood pressure were recorded at one minute intervals.
Valsalva manoeuvre
After a rest of 10-15 minutes, the subject was instructed to perform the Valsalva manoeuvre by blowing into a tube connected to a pressure transducer and to maintain an expiratory air way pressure of 35-40 mmHg for 15 seconds. The heart rate was monitored throughout this study by a continuously recording electrocar diograph. All subjects were in sinus rhythm prior to commencing the Valsalva man oeuvre. Three baseline lOPs were recorded in the same eye and three more during the Val salva manoeuvre as described in Figure 2 . On recovery five measurements of lOP were made at one minute intervals. (Fig. 3) . Table I gives the individual changes in blood pressure and lOP in the 15 subjects. lOP (mean ± SEM) decreased significantly from a baseline of 12.60 ± 0.55 mmHg to 11.26 ± 0.32 mmHg before handgrip was released (p<0.05). There was no direct cor relation between the rise in diastolic blood pressure and the decrease in lOP (r = -0.05, p>0.(5). Although diastolic blood pressure returned to near baseline levels within the first minute of recovery, lOP remained signifi cantly lower than baseline values for at least five minutes (p<O.01), (Fig. 3 ).
There was a significant increase in mean lOP during the Valsalva manoeuvre of 7.20 mmHg (56 per cent) from a baseline of 12.80 ± 0.45 mmHg to 20.00 ± 0.78 mmHg at 15 seconds (p<O.OOl) (Fig. 4) . lOP remained lower than baseline values during the recovery period: mean recovery lOP was 12.13 ± 0.39 mmHg (p<0.05). The mean Valsalva ratio was normal at 1.6 8 ± 0.11 in all subjects. Table II gives the individual changes in lOP during this test with the individual Valsalva ratios.
Discussion
Diastolic blood pressure response to sustained isometric muscle contraction
These results show that during generalised sympathetic nerve stimulation, effected by sustained isometric muscle contraction, there is a significant fall in lOP which remains below baseline levels for at least five minutes post exercise. No direct correlation however was found between the fall in lOP and the rise in diastolic blood pressure. A complex study by Marcus et al.IH on the effects of sustained handgrip on lOP reported a trend similar to that in our study. They studied 6-7 subjects performing 50 per cent, 20 per cent maximal and 20 per cent submaxi- been due to the differences in timing of lOP measurements in their study as compared to ours. The graphic illustrations of the r OP changes in the study by Marcus et at. suggest that there was a direct correlation between the intensity of the handgrip contraction and the degree of post exercise ocular hypotension though with similar blood pressure responses. This would again support a local factor as a possible cause of the post exercise ocular hypotension. Moreover the absence of a direct association between blood pressure changes and post exercise decrease in rop could be interpreted as contributory evidence to support this meta bolite theory. Another possibility to be considered is the release of sympathomimetic amines during handgrip contraction. In our study, mean diastolic blood pressure increased imme diately on starting the 33 per cent MVC from a baseline of 78 mmHg to 99 mmHg at 2-2.5 minutes. Astrand et al.22 showed that heart rate and blood pressure increases were higher after static exercise than dynamic exercise. This cardiovascular response is largely attributable to an increase in sympathetic adrenergic vasomotor tone, resulting in con striction of resistance vessels.15.22 Thus even moderately strong isometric muscle con tractions have been found to result in a marked increase in arterial blood pressure.16 Hence one may postulate that because of the increased sympathetic tone, plasma adrena line levels will be elevated and this may be effective in lowering lOP during handgrip. It may also explain the post exercise ocular hypotension observed both in our study and other studies, in view of the time required for the breakdown and re-uptake of circulating adrenaline. Exercise is known to increase plasma adrenaline levels significantly.23
Valsalva manoeuvre
The Valsalva manoeuvre is accompanied by a variety of complex haemodynamic events and involves both sympathetic and parasympa thetic autonomic responses. observed two principal patterns of ocular pressure changes during the Valsalva man oeuvre which they described as (1) the posi tive pattern, where the primary change was an increase in lOP and (2) the negative pattern where the lOP fell during the Valsalva. It is however possible for a subject to maintain artificially an expiratory airway pressure of 40 mmHg by inadvertently occluding the mouthpiece or tube with the tongue, but this would clearly not represent an intrathoracic pressure of 40 mmHg and by definition would not be a Valsalva manoeuvre. In this situation the lOP would fall after a brief initial rise, simulating the negative pattern described above. Monitoring the heart rate changes during the Valsalva manoeuvre would be an objective indicator of the,subject's perform-ance, but was unfortunately omitted in the study by Rosen et al. 25 The low lOP observed after the Valsalva manoeuvre, which was maintained for at least five minutes, is difficult to explain. Episcleral venous pressure js significantly raised during the Valsalva manoeuvre, thereby decreasing the facility of outflow and precipitating eleva tion of lOP. Upon termination of the man oeuvre, acute decrease in intrathoracic pressure will inevitably be accompanied by decreased episcleral venous pressure, increased outflow of aqueous and therefore lowering of lOP. If the changes in lOP were determined exclusively by the systemic blood pressure, rapid homeostasis of lOP would be anticipated. In fact, stabilisation of lOP required a period in excess of five minutes, suggesting an additional contributory factor-perhaps humoral or neurogenic-in the observed sequence of events. During phase 2 of the Valsalva manoeuvre where intrathoracic pressure is raised, blood pres sure falls secondary to a decreased venous return; immediately on cessation of the Val salva manoeuvre ( phase 3), there is a further drop in blood pressure with increasing tachy cardia due to the increased pulmonary capaci tance. The falling blood pressure in phases 2 and 3 stimulates baroreceptors in the carotid sinus and aortic arch, and afferent impulses pass via the glossopharyngeal and vagus nerves to the medulla. Subsequent activation of the efferent sympathetic nerves causes peri pheral vasoconstriction and may be associated with increased circulating adrenaline levels, with potentially significant effects in the post Valsalva ocular hypotension.
The present study has demonstrated a sig nificant association between stimulation of systemic autonomic cardiovascular reflexes and lOP, although the exact role of the auton omic nervous system in these acute lOP changes is unclear in view of the complex haemodynamic changes that occur; some possible mechanisms have been proposed. A greater understanding may be obtained by studying the lOP responses to autonomic stimulation in patients with systemic autono mic dysfuncton. This work is in progress.
